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[ METHOD OF FORMING A 
SYSTEM ON CHIP ] 

Background of Invention 

[0001 ] L Field of the Invention 

[0002] The present invention provides a method of forming a system on chip (SOC),and 

y, more particularly, to a method of forming a system on chip that establishes read only 

.M memory (ROM) and non-volatile memory by utilizing nitride read only memory 

ffl (NROM). 



I* [0003] 2. Description of the Prior Art 
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[0004] A read only memory (ROM) device is a semiconductor device for data storage. It 
has a plurality of memory cells and is applied in data storage and memory systems of 
computers widely today. Read only memory can be classified into mask ROM, 
programmable ROM (PROM), erasable programmable ROM (EPROM), electrically 
erasable programmable ROM (EEPROM), nitride read only memory (NROM), and flash 
ROM, according to the method used for data storage. Read only memory has a feature 
that once data or information is stored, the data or information will not disappear 
because of an interruption of power, therefore read only memory is also called non- 
volatile memory. 

[0005] 

Nitride read only memory (NROM) is characterized as utilizing a silicon nitride 
isolation dielectric layer as a charge trapping medium. Since the silicon nitride layer is 
highly dense, hot electrons can tunnel into the silicon nitride layer and be trapped 
inside it through a tunneling oxide. This further forms an inhomogeneous density 
distribution that accelerates a rate of data reading and avoids leakage current. Flash 
ROM utilizes a floating gate composed of polysilicon or metal to store charges, 
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therefore it has an extra gate aside from the control gate. NROM has the advantage of 
a simple manufacturing process that leads to low cost. Since flash ROM needs to be 
made with a floating gate-inter-dielectric layer-control gate structure, and the quality 
of materials in the three-layer structure is very important, it is necessary to use a 
suitable process, resulting in a more complex manufacturing process and higher cost. 

[0006] In the modern electrical industry, read only memory and the non-volatile memory 
often need to exist in various products at the same time. In contrast to the two 
devices manufactured in a single chip, the two devices manufactured in two separate 
chips will occupy more room and also lift the cost. Therefore in US patent #5,403,764, 
Yamamoto et al. proposes a method of implanting ROM code into the flash ROM 
device in the ROM region by utilizing an ion implantation process during a flash ROM 
manufacturing process, in other words, completing the "read" procedure, then 
completing the manufacturing process of flash ROM. So, read only memory can be 
established in some portion of the flash ROM chip. 

[0007] Please refer to Fig.1 to Fig.5. Fig.l to Fig.5 are schematic diagrams of a process 
for making a flash ROM chip 1 0 comprising read only memories 24, 26 in the read 
only memory area 1 8 according to the prior art. As shown in Fig.l , the prior art 
method of forming a flash ROM chip 1 0 comprising read only memories 24, 26 in the 
read only memory area 1 8 is to provide a semiconductor wafer 1 1 comprising P type 
silicon base 12, then to utilize a thermal oxidation process at a temperature of about 
1 100 ° C and using a process time of about 90 minutes to form a silicon dioxide (SiO 
) layer 1 4 with a thickness of several thousand angstroms( A ) on the surface of the 
silicon base 12 not covered by the oxidation-protective film(not shown), such as 
silicon nitride(Si ^ N ). After that the remaining silicon nitride layer(not shown) is 
removed and a very thin silicon oxide layer 1 6 is preserved in between the silicon 
dioxide layer 14 and the silicon dioxide layer 14, that is, in between each field oxide 
layer. In other words, local oxidation(LOCOS) is utilized to form an isolation between 
each transistor completed afterwards. 

[0008] 

As shown in Fig. 2, an ion implantation process is then performed in the read only 
memory area 18 on the flash ROM chip 10. The ion implantation process utilizes an 
accelerating energy ranging from 40 to SOkeV, and a Boron ion dosage ranging from 
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1 El 2 to 3E1 2/cm to form a first P+ type doping area 22 with ion concentration 

ranging from 10 ^ 6 to 10 ^ /cm ^ . The objective of the ion implantation process is 
to adjust the threshold voltage (Vth) of the first read only memory(not shown) in the 

read only memory area 1 8 to a first specific value. The threshold voltage of the first 

read only memory (not shown) is adjusted to around IV and stores a data "1 ". 

[0009] As shown in Fig. 3, a first photolithography process is then performed in order to 
form a first mask 31 out of the read only memory area 1 8 and the read only memory 
(not shown) with a second specific value as its threshold voltage. Thereafter, an ion 
implantation process is performed on the flash ROM chip 10. The ion implantation 
process utilizes an accelerating energy ranging from 40 to 50keV, and a Boron ion 

dosage ranging from 5E1 2 to 1 El 3/cm ^ to form a second P+ type dopant area 32 

17 18 3 

with final ion concentration ranging from 10 to 1 0 /cm . The objective of the 
ion implantation process is to adjust the threshold voltage(Vth) of the second read 

only memory(not shown) in the read only memory area 1 8 to a second specific value. 

The threshold voltage of the second read only memory(not shown) is adjusted to 

P around 7V and stores a data "0". 

hi 

£ [001 0] As shown in Fig.4, a first polysilicon layer 34, an interlayer isolation layer 36 

2 composed of silicon nitride or silicon oxide and a second polysilicon layer 38 are then 

}*. deposited on the flash ROM chip 1 0. After that, a second photolithography process is 

ru 

Rt second read only memory 26 and the flash ROM 40. Although the gate structures of 
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performed in order to form a double gate 39 of the first read only memory 24, the 



[0011] 



the first read only memory 24 and the second read only memory 26 are single layered 
in general, and the double gate 39 with the three layered structure is not required, all 
of the gates are completed with the same process steps in the prior art method in 
order to reduce process steps. 

As shown in Fig. 5, a phosphorous ion implantation process is performed by 
utilizing a third mask (not shown) in order to form an N+ source 41 and an N+ drain 
42 at either side of the double gate 39 of the first read only memory 24 and the 
second read only memory 26 to complete the manufacturing of the first read only 
memory 24 and the second read only memory 26. Finally another phosphorous ion 
implantation process is performed by utilizing a fourth mask (not shown) in order to 
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form an N+ source 43 and an N+ drain 44 at either side of the double gate 39 of the 
flash ROM 40 to complete the manufacturing of the flash ROM 40. Therefore not only 
the read only memories 24, 26 on the flash ROM chip 1 0 are written with "0" or "1 ," 
but the flash ROM 40 is also completed by just adding two process steps for threshold 
voltage adjustment in the standard flash ROM manufacturing process. 

[0012] However, as the flash ROM chip in the prior art only comprises some read only 
memory, the objective of system on chip is not achieved. Moreover, the cost of flash 
ROM is more expensive, and therefore not suitable to the manufacturing of system on 
chip. Therefore it is very important to develop a system on chip that utilizes the device 
with a cheaper cost, and its manufacturing process, to simultaneously make the read 
only memory and the nitride read only memory on the same chip, and omit the 
electrical writing step for the general non-volatile memory after completion. 

I* 

Q Summary of Invention 

O - 

^ [001 3] It is therefore a primary objective of the present invention to provide a method of 

4* 

f»& forming a system on chip (SOC), and more particularly, to a method of forming a 

y system on chip that establishes read only memory (ROM) and non-volatile memory by 

* utilizing nitride read only memory (NROM). 

m 

In a first preferred embodiment of the present invention, a system on chip is made 
on a surface of a semiconductor wafer and a nitride read only memory(NROM) 
manufacturing process is utilized to simultaneously make read only memory and 
nitride read only memory. The method according to the present invention starts by 
forming an ONO structure layer composed of bottom oxide layer-silicon nitride layer- 
top oxide layer on a surface of a substrate. A first ion implantation process is then 
performed by utilizing a first photoresist layer as a mask to form a plurality of N+ 
dopant areas in the substrate and to form bit lines in the memory area. Two angled 
ion implantation processes are performed in order to form a P- pocket doping area at 
either side of each bit line. A third dry etching process is performed on the surface of 
the substrate by utilizing a second photoresist layer in order to remove, optionally, 
regions in the ONO structure layer in the memory area, and the ONO structure layer all 
over a periphery area. A buried drain oxide layer is formed, atop the bit line, by 
utilizing thermal oxidation as an isolation of each silicon nitride layer and 
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simultaneously forming a gate oxide layer on the silicon substrate in the periphery 
area. A polysilicon layer is deposited on the ONO structure layer and the buried drain 
oxide layer. A third photolithography process and a fourth dry etching process are 
performed in order to remove the polysilicon layer not covered by a third photoresist 
layer and simultaneously form a word line in the memory area and a gate of the 
periphery transistor in the periphery area. By utilizing a fourth photoresist layer and 
an ion implantation process for threshold voltage adjustment, the P-type dopant is 
implanted into the high threshold voltage(high Vth) device in the read only memory 
area to implant ROM code and adjust the threshold voltage of the high threshold 
voltage device in the read only memory area. Due to the existence of the high 
threshold voltage device and the low threshold voltage device in the read only 
area, they can be exercised as the read only memory. Therefore, the system on chip 
not only comprises the periphery transistor but also comprises the read only memory 
and the nitride read only memory. 

It is an advantage of the present invention to utilize nitride read only memory and 
added ion implantation process to simultaneously make the read only memory and 
nitride read only memory on a system on chip. Therefore, not only the time and 
manpower exhausted by electrical writing, which leads to the unfeasibility of mass 
production, generally required after completing the non-volatile memory can be 
avoided, but also the low cost system on chip can be fabricated by keeping the 
process flow simple. 

[0016] These and other objectives of the present invention will no doubt become obvious 
to those of ordinary skill in the art after having read the following detailed description 
of the preferred embodiment that is illustrated in the various figures and drawings. 

Brief Description of Drawings 

[0017] Fig.l to Fig. 5 are schematic diagrams of a process for making a flash ROM chip 
comprising read only memories in the read only memory area according to the prior 
art. 

[0018] 

Fig. 6 to Fig.l 2 are schematic diagrams of a process for forming a system on chip 
comprising read only memories in the read only memory area and a nitride read only 
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memory in the nitride read only memory area by utilizing nitride read only memory 
according to the present invention. 

Detailed Description 

[0019] Please refer to Fig. 6 to Fig. 12. Fig. 6 to Fig. 12 are schematic diagrams of a process 
for forming a system on chip 100 comprising read only memories 142, 144 in the 
read only memory area 122 and nitride read only memory 1 46 in the nitride read only 
memory area 123 by utilizing nitride read only memory according to the present 
invention. As shown in Fig. 6, the method of forming the system on chip 100 
according to the present invention is to provide a semiconductor wafer 101 
comprising a P-type silicon base 102 first. The surface of the semiconductor wafer 
1 01 comprises a periphery area 1 03 and a memory area 1 04. Then a standard process 
is performed to form a field oxide layer 1 05 on the semiconductor wafer 1 01 for use 
as isolation for each subsequently formed memory cell(not shown) and periphery 
% transistor(not shown). Thereafter, some periphery process is performed, such as 

# forming a channel stop 106 beneath the field oxide layer 1 05 by first utilizing a first 

j^P ion implantation process, then removing all of the pad oxide layer(not shown). After 

*k that, a second ion implantation process is performed in order to perform the 

threshold voltage adjustment ion implantation into the active area 107 of the 
periphery transistor. 



m 



OF [0020] 



ry 



As shown in Fig.7, a low temperature oxidation process with temperature ranging 
from 750 ° C~l 000 ° C is then utilized to form an oxide layer with a thickness ranging 
from 20-1 50 angstroms( A ) on the surface of the silicon substrate 1 02 for use as a 
bottom oxide layer 108. Then, a low pressure vapor deposition(LPCVD) process is 
performed in order to form a silicon nitride layer 1 09 atop the bottom oxide layer 108 
for using as a charge trapping layer. Finally, an annealing process is performed at 950 
° C for 30 minutes to recover the structure of the silicon nitride layer 1 09, and a wet 
oxidation process is performed by inputting water vapor in order to form a silicon 
oxy-nitride layer with a thickness of 50-200 angstroms atop the silicon nitride layer 
109 for use as a top oxide layer 110. During a growth process of the top oxide layer 
110, approximately 25-100 angstroms of the silicon nitride layer 109 will be 
consumed. The bottom oxide layer 108, the silicon nitride layer 109, and the top 
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oxide layer 1 10 formed atop the silicon base 102 are an ONO dielectric layer 112. 
Moreover, the pre-mentioned ion implantation process for adjusting the threshold 
voltage(Vt) can be performed at this point to avoid destruction of the lattice structure 
of the P-type silicon base 102. 

[0021] Then, as shown in Fig. 8, a first photoresist layer 1 13 is formed atop the ONO 

dielectric layer 112, and a first photolithography and etching process are performed in 
order to form a predefined pattern in the first photoresist layer 1 1 3 for defining the 
sites of bit lines. Thereafter, a dry etching process is performed in order to remove 
the top oxide layer 1 1 0 and the silicon nitride layer 1 09 not covered by the first 
photoresist layer 113, and etch the bottom oxide layer 1 08 not covered by the first 
photoresist layer 1 1 3 to a predetermined thickness by utilizing the first photoresist 
layer 1 1 3 as a mask. After that, an ion implantation process is performed with an 

arsenic dosage ranging from 2-4 El 5/cm 2 and an energy of approximately 50keV in 
order to form a plurality of N+ doping area in the silicon base 1 02 for use as the bit 

lines 1 1 4 of memory cells. The bit lines 1 1 4 are also called a buried drain, each two 

neighboring doping areas defining a channel and the distance between the two 

neighboring doping areas being channel length. 

[0022] 

After that, an angled ion implantation process is performed in order to form a P 
-type pocket doping area 1 1 5 at one side of each bit line 1 1 4. Then, another angled 

ion implantation process is performed in order to form a P -type pocket doping area 
1 16 at another side of each bit line 1 1 4. These two angled ion implantation processes 

have about the same parameters except for an incident direction. The two angled ion 

implantation processes utilize BF 2+ as a dopant, the dosage being approximately 

1 El 3 to 1 El 5 ions/cm , the implantation energy being 20 to 1 50KeV, the incident 
angle to silicon base 102 being approximately 20 to 45 ° . The two-angled ion 

implantation process can be performed before the ion implantation process for 

forming bit line 114. Under these process conditions, the highest concentration for 

the BF 2+ dopants implanted into the silicon base 102 is located in the silicon base 
102 underneath the channel with a depth of approximately 1000 angstroms, and the 

horizontal distance implanted underneath the channel ranges from approximately 

several hundred to 1 000 angstroms. The objective for forming P -type pocket 
doping areas 1 1 5 and 1 1 6 is to provide a high electric field area at one side of the 
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channel. The high electric field area will enhance a hot carriers effect, improve a 
velocity when passing through the channel under programming. In other words, the 
electrons are accelerated in order to make more electrons acquire enough dynamic 
energy by way of collision or scattering effects to tunnel to the bottom oxide layer 
1 08, penetrate into the silicon nitride layer 109, and further lift a writing efficiency. 

[0023] As shown in Fig. 9, an etching process is performed in order to remove the bottom 
oxide layer 1 08 not covered by the first photoresist layer 113. Then the first 
photoresist layer 1 1 3 is removed and a dry etching process is performed in order to 
remove the ONO dielectric layer 112 in a read only memory area 1 22 inside the 
memory area 104, optionally, and the ONO dielectric layer 1 12 in the periphery area 
1 03. The objective of this process is to form a subsequent gate oxide layer(not shown) 
instead of the ONO dielectric layer 11 2, in order to form either a gate oxide layer or 
an ONO dielectric layer depending on device and product characteristics. 

[0024] As shown in Fig.l 0, a thermal oxidation process is performed in order to form a 
buried drain oxide layer 1 1 8 atop the bit lines 1 14, and activate the dopants in each 
bit line 1 14 by using thermal energy from the high temperature of the buried drain 
oxidation process. Furthermore, the thermal oxidation process will simultaneously 
form a gate oxide layer 1 20, with a thickness ranging from 1 00 to 250 angstroms, on 
the surface of the active area 107, in the periphery area 103 not covered by the ONO 
dielectric layer 11 2 on the surface of the semiconductor wafer 101. However, the gate 
oxide layer 1 20 will not be formed in the memory area 1 04 covered by the ONO 
dielectric layer 1 1 2 on the semiconductor wafer 1 01 . Therefore, the present invention 
can preserve the ONO dielectric layer 1 1 2 or form the gate oxide layer 1 20 by simply 
utilizing the prescribed etching process and thermal oxidation in Fig. 9. This makes 
the ONO dielectric layer 1 1 2 exist in the whole memory area 1 04 or only exist in a 
nitride read only memory area 1 23 inside the memory area 1 04. 

[0025] 

As shown in Fig.l 1 , after that, a polysilicon layer(not shown) or a polysilicon layer 
comprising a polysilicide layer is deposited on top on the surface of the ONO dielectric 
layer 112 and the buried drain oxide layer 1 18. Then, a second photolithography 
process is performed in order to form a second photoresist layer 125 on the surface 
of the polysilicon layer in order to define the sites of word lines 126 and the gate 1 30 
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of the periphery transistor 128. Thereafter, a dry etching process is performed to 
remove the polysilicon layer not covered by the second photoresist layer 125 in order 
to simultaneously form the word lines 126 and the gate 1 30 of the periphery 
transistors 128. Finally the second photoresist layer 125 is removed. 

[0026] As shown in Fig.l 2, after that, some process steps are performed in order to 
complete the unfinished process steps for the periphery transistors 128 in the 
periphery area 1 03 on the system on chip, continuously, such as a lightly doped drain 
(LDD) 1 31 , a spacer 1 32 and source/drain(S/D) 133,1 34. Then, a third photoresist 
layer 1 36 is utilized to cover a low threshold voltage(low Vth) area 1 38 in the read 
only memory area 1 22, the whole periphery area 1 03, and the nitride read only 
memory area 123, and another threshold voltage adjustment ion implantation process 
is performed in order to implant P-type dopants into a high threshold voltage(high 
Vth) area 140 inside the read only memory area 122. This process step is also called 
the ROM code implantation process, and is used to adjust the threshold voltage of the 
high threshold voltage device 142 in the read only memory area 122. Finally, the third 
photoresist layer 1 36 is removed. The third photoresist layer 1 36 can either cover the 
buried drain 1 14 or expose the buried drain 1 1 4. 

[0027] Since there are the high threshold voltage device 142 and the low threshold 

voltage device 144 in the read only memory area 122, they can represent 0&1 or 1&0 
respectively in order to achieve the objective of information or data storage when a 
chip is operating. The ROM code implantation process can be performed after the 
formation of the word lines 1 26 and the gate 130 of the periphery transistor 1 28, and 
before completing the periphery transistors 1 28; after removing the ONO dielectric 
layer 112, and before the forming of the gate oxide layer 120 by thermal oxidation; or 
after depositing the polysilicon layer 1 24, and before etching the polysilicon layer 
124. 

[0028] 

After completing the ROM code implantation, the manufacturing of the inter- 
metal dielectric(ILD, not shown), the metal layer(not shown), the contact hole(not 
shown) and the contact plug(not shown) on the system on chip 100 are performed to 
complete all of the manufacturing process of the system on chip 1 00. The system on 
chip 1 00 not only comprises some periphery transistors 128 in the periphery circuits, 
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but also comprises read only memory and nitride read only memory 146. 



[0029] The method of forming the system on chip in the present invention is to utilize 
the nitride read only memory and the added ion implantation process to 
simultaneously form the read only memory and the nitride read only memory on the 
same chip. Therefore not only can the time and manpower exhausted by electrical 
writing, which leads to the unfeasibility of mass production, generally required after 
completing the non-volatile memory be avoided, but also the cost of the nitride read 
only memory is as low as the mask read only memory because of the simple 
manufacturing process, and its function is as powerful as the flash ROM. The method 
of forming the system on chip comprising read only memory and nitride read only 
memory by utilizing nitride read only memory will decrease cost greatly and simplify 
the manufacturing process obviously when compared with the prior art method. 

[0030] Compared to the prior art method of forming the flash ROM chip comprising read 

only memory, the present invention utilizes the nitride read only memory and added 

■if* 

■?V ion implantation process to simultaneously form the read only memory and the nitride 

jr * 

H* read only memory on the same chip. Therefore not only can the time and manpower 

i4 

■ $ : exhausted by electrical writing, which leads to the unfeasibility of mass production, 

|J generally required after completing the non-volatile memory be avoided, but also the 

jh& ■ .. cost can be decreased greatly and the manufacturing process can be simplified 

hi 

:U2 obviously, making the present invention competitive with the flash ROM in 

ft! functionality. 

[0031] Those skilled in the art will readily observe that numerous modifications and 

alterations of the device may be made while retaining the teachings of the invention. 
Accordingly, the above disclosure should be construed as limited only by the metes 
and bounds of the appended claims. 
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